In correlated electron materials, electrons often self-organize and form a variety of patterns with potential ordering of charges, spins, and orbitals, which are believed to be closely connected to many novel properties of these materials including superconductivity 1,2 , metal-insulator transitions 3 , and the CMR effect 4 . How these real-space patterns affect the conductivity and other properties of materials (which are usually described in momentum space) is one of the major challenges of modern condensed matter physics. Moreover, although the presence of static stripes is indisputable, the existence (and potential impacts) of fluctuating stripes in such compounds is a subject of great debate 5,6 . Here we present the Fig. 2f ), this hopping path nonetheless allows for Bloch-like electron states which, as evidenced by clear band dispersion in our measurements, sample multiple 3 crystalline sites in the material. These states also may be described as coherent, though we refrain from this terminology here since a stricter definition for coherence requiring sharp Fermi
stripes can give rise to electronic properties significantly different from their static counterparts. Inducing transition between them can turn on remarkable electronic phenomena, enriching our understanding of correlated electron systems as well as opening a window for potential applications in electronic devices. Fig. 1 shows the doping phase diagram of the bi-layer manganite family La 2-2x Sr 1+2x Mn 2 O 7 between the doping levels x = 0.48 and x = 0.65 10 . The yellow portion covering most of the low temperature region of the phase diagram is an A-type antiferromagnetic phase (AAFM), consisting of ferromagnetically ordered metallic planes stacked in an antiferromagnetic sequence 10 . Very near the commensurate doping levels of x = 0.50 and x = 0.60, charge/orbital ordering is the stable state, as indicated by the gold and blue regions. At x = 0.50 the ordering is of the famous CE type first proposed by Goodenough 11 . The CE type structure bears antiferromagnetic (AFM) spin order at low temperature and paramagnetic (PM) spin order at high temperature, as illustrated in Fig. 1b and 1c 12 . This is a stripe-like state as illustrated by the diagonal grey-shaded regions. At x = 0.60 bi-stripe ordering, which is a variant of the CE ordering, has been proposed 7, 8 and is illustrated in Fig. 1c . Compared to the CE order, the bistripe order has an extra row of Mn 4+ ions, accounting for the extra holes doped into the system.
One of our main hypotheses is illustrated by the heavy red lines superimposed on Fig 1b: in the CE state with AFM spin order, a hopping path for electrons is drawn which follows a ferromagnetic alignment of spins and a natural overlap of orbitals -though insulating with a gap at the Fermi energy (see Fig. 2f ), this hopping path nonetheless allows for Bloch-like electron states which, as evidenced by clear band dispersion in our measurements, sample multiple 3 crystalline sites in the material. These states also may be described as coherent, though we refrain from this terminology here since a stricter definition for coherence requiring sharp Fermi
Liquid-like states is sometimes applied, and is not appropriate for these relatively broad heavilydamped states. In the CE-PM state, such Bloch-like states are well sustained, though the ferromagnetic alignment is gone. On the other hand, as will be shown later, we experimentally find that in the bi-stripe phase (blue region in Fig. 1a ) this hopping path is destroyed due to the static bi-stripe order (see Fig. 1d ), for we have observed almost completely nondispersive/localized electron states. A consequence of this is a colossal ( 5 orders of magnitude for the x ~ 0.59 compound) and sudden change of conductivity upon entering the bi-stripe phase from the AAFM phase below 10 . In this system, the band width W/2 (~3eV) of the coherent component (gold diamonds in We emphasize that in Figs. 2d and 2e the non-dispersive/localized spectral weight above T c is a signature of bi-stripes, as also observed above T c in X-ray scattering measurements (green diamonds in Fig. 4  9 ) . It is then somewhat surprising that our ARPES data show a clear localized signal below T c indicating a significant population of bi-stripe states, while the X-ray scattering measurements do not show any sign of the bi-stripe signal below T c . However, we note that Xray scattering does not actually measure the presence of individual stripes, but rather measures the correlations between them, i.e. it measures the periodicity in the spacing of the stripes.
Therefore, a collection of fluctuating stripes existing below T c can be invisible to X-ray 7 scattering experiments, while still localizing the electrons which live within the stripe regions, giving rise to the localized ARPES signal. With the stripes fluctuating, other regions of the material are expected to be occasionally absent of stripes, and these regions will contribute to the dispersive portions of electronic structure. As we raise the sample temperature, the stripe-stripe correlations strengthen and the proportion of localized weight grows, until finally at T c static stripe correlations appear, the electrons become almost fully localized within the stripes, and the colossal change in conductivity appears. Theoretical proposals for fluctuating or "nematic" electronic stripes have also been put forward for other materials 5, 6 and have received a great amount of interest -the confirmation of such proposals has however been lacking. The present work breaks that logjam with, to our knowledge, the first clean evidence for such fluctuating electronic stripes.
Unlike the charge stripes in cuprates, which are electrically conductive, the electron hopping is jammed along the charge stripe in the bi-stripe phase. Combined with transport and scattering measurements 9 , our data indicate that these charge stripes behave like electronic valves the fluctuating bi-stripe components (which occur below T c ) do not significantly impair the overall electronic conductance; however, when they become stable and form longrange patterns (above T c ), the electric conductivity is heavily suppressed. These properties may suggest some approaches to tune physical properties of materials by manipulating the stripe structure. Moreover, this also hints that the quantum stripes in high-T c superconductors, if they exist, could result in a significantly different behavior from their static counterpart, e.g. superconductivity.
1. Zaanen, J. Self-organized one dimensionality. Science 286, 251-252 (1999). The single crystals were grown using the traveling solvent floating zone method as described elsewhere [1] . Refined measurements suggest that the electronic properties change drastically in the vicinity of x=0.50 as well as x=0.60 [2] . In our studies, the x~0.59 samples were carefully selected and characterized as reported in ref. 
II. Band structure as a function of temperature.
In addition to the spectral weight transfer out of the dispersive Bloch-like states as the temperature is raised, the overall dispersion of these Bloch-like states varies slightly with temperature as well. This can best be measured by studying the zone center states which are the farthest from E F . Fig. S1(a) shows the position (diamond symbols) of the d x 2 -y 2 band bottom at (2 , 2 ), with a non-dispersive weight subtracted. We see that the bottom of the band of d x 2 -y 2 states moves towards the Fermi level with increasing temperature, indicating a decrease in the bandwidth W/2 (gold diamonds in Fig. 4a ). This is qualitatively consistent with a doubleexchange-induced reduction in hopping amplitude due to increasing spin disorder at high temperatures [4, 5] . However, as we found for x=0. Fig. S1(c) .
III. Additional discussion on underlying physics.
A tight-binding type picture with stripe localization and no additional interactions would place the localized electronic weight at the mean of the energies of the band. Because the band is approximately half (60% holes) full, this would be an energy very near the Fermi energy, while the experiment shows that these states appear at an energy approximately -0.8 eV.
Therefore, additional physics such as Coulomb interactions (Mott physics) or small polaronic interactions must be at play. Within the Mott picture the extra 0.8 eV would come from on-site Coulomb interactions, while within the small polaron picture this would be the extra binding energy that the localized electrons gain from a local lattice distortion. A critical point here is that these interactions (Mott or small polaronic) are not on their own able to drive the system insulating -they instead depend upon the stripes to do the major portion of the work. That this is true can be seen by comparing the relevant energy scales. For a doping of ~ 60%, approximately half of the band is above E F , so the full bandwidth W should be ~ 3 eV. This estimate is also supported by band calculations [7] . Similarly, the upper Hubbard band is expected to be ~U/2 above E F , with U/2 ~ 0.8 eV. This suggests that the U is significantly less than the bandwidth W, while for a Mott transition without the help of the stripe localization we should have a decreasing 3 bandwidth W as T c is approached, such that U~W at the Mott transition. Similar energy scale arguments would follow for a polaron-driven transition, or a transition involving the cooperation between polaronic and Mott physics. In contrast, our data does not show a significant reduction in the bandwidth of the dispersive states as T c is approached, (gold diamonds in Fig. 4 ) implying that these Bloch-like portion of the states are not feeling significant Mott or polaronic correlations. On the other hand, once the stripes have initially localized the electrons, the bandwidth of these localized electrons is driven toward zero, implying that U/W for these already-localized states is now >>1 and Mott or polaron physics can now enter the problem.
Without the bi-stripe localization the Mott or polaronic physics is not able to play a significant role.
